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H FORMATION
417 1254 s
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FRTLING FOINT D947 K. T8 4 | T
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tank HYDRAZINE-UDMH/NITROGEN TETROXIDE Iss = 250. sec
anks

ENTER THE WEIGHT OF THE SPACE VEHICLE.(LBS) 6000.0

ENTER THE WEIGHT OF A PROPULSION SYSTEM. (LBS) 300.0
ENTER THE NUMBER OF ENGINES TO BE USED. 2.0

ENTER THE DELTA V OF THE MISSION. (FT/SEC) 21797.0

ENTER THE ISP VALUE OF THE PROPELLENT. 250.0

THE INVERSE WEIGHT RATIO REQUIRED FOR THE GIVEN DELTA V IS 15.02714060 .

THE WEIGHT OF THE FUEL FOR THE MISSION IS 120325.93700000 LBS.
THE TOTAL WEIGHT OF THE VEHICLE IS 128904.01600000 LBS.

ENTER THE g LIMIT OF THE STRUCTURE. 3.0

ENTER THE THRUST RANGE FOR INITIAL CALCULATIONS 15000.0
ENTER THE CHAMBER PRESSURE OF THE ENGINE. (PSI) 150.0
ENTER THE THROAT AREA OF THE NOZZLE. (IN%x2) 54.3671
ENTER THE INITIAL AREA RATIO. 75.0

ENTER THE VALUE OF GAMMA FOR THE PROPELLANT. 1.3

AR = 76.00000000

EXIT MACH NUMBER = 5.49001122
PRESSURE RATIO = 6.08945207E-04

CT = 1.83934772

TEMPCT 1.82325983

MAXIMUM THRUST = 14868.80270000 LBS.
THRUST = 29737.60550000 LBS.

GROSS WEIGHT = 128904.01600000 LBS.

FUEL WEIGHT = 120325.93700000 LBS.

TANK WEIGHT = 1978.08020000 LBS.

TOTAL ENGINE(S) WEIGHT = 600.00000000 LBS.
COMBUSTION CHAMBER PRESSURE = 150.00000000 PSI.
MASS FLOW RATE = 118.95041700 LBM/SEC.

DELTA T = 1011.56384000 SECONDS.
ENTER THE FUEL MIXTURE RATIO 2.0

ENTER THE NUMBER OF PAIRS OF PROPELLANT TANKS. 1.0

21



ENTER THE MAXIMUM LENGTH OF THE TANKS. 15.0

THE TOTAL PAIRS OF TANKS IS 1.00000000 .
3K KK S KKK K KKK KK 3K K K K K KK KK X Kok oK oK K K K

THE FUEL TANK DIMENSIONS ARE AS FOLLOWS:

TOTAL FUEL TANK VOLUME = 907.52453600 ETxx3.
TANK LENGTH = 15.00000000 FT.
TANK RADIUS = 4.38842440 FT.

2K 3 3K 3K K 2K K 3K K KK 2K 3K 3K K 3K K K 3k K K XK 5 3K K X A K XK K KKK

THE OXID TANK DIMENSIONS ARE AS FOLLOWS:

TOTAL OXID TANK VOLUME = 426.68084700 FT*x3.
TANK LENGTH = 15.00000000 FT.
TANK RADIUS = 3.00906110 FT.

23 K K 3K KK K K K K K K K 3K K 3K 3K KK K K K K K K K KK K K

THE TOTAL FUEL BURNED = 120325.83700000 LBS.
C:\SCRATCH>
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tank HYDRAZINE-UDMH/NITROGEN TETROXIDE Iss = 275. sec
anks

ENTER THE WEIGHT OF THE SPACE VEHICLE.(LBS) 6000.0
ENTER THE WEIGHT OF A PROPULSION SYSTEM.(LBS) 3G0.0
ENTER THE NUMBER OF ENGINES TO BE USED. 2.0
ENTER THE DELTA V OF THE MISSION. (FT/SEC) 21797.0
ENTER THE ISP VALUE OF THE FROPELLENT. 275.0

THE INVERSE WEIGHT RATIO REQUIRED FOR THE GIVEN DELTA V IS 11.74583450 .
THE WEIGHT OF THE FUEL FOR THE MISSION IS 84272.88280000 LES.
THE TOTAL WEIGHT OF THE VEHICLE IS 892115.18750000 LBS.

ENTER THE g LIMIT OF THE STRUCTURE. 3.0

ENTER THE THRUST RANGE FOR INITIAL CALCULATIONS 15000.0
ENTER THE CHAMBER PRESSURE OF THE ENGINE. (PSI) 150.0
ENTER THE THROAT AREA OF THE NOZZLE. (INxx2) 54.3671
ENTER THE INITIAL AREA RATIO. 15.0

ENTER THE VALUE OF GAMMA FOR THE PROFELLANT. 1.3

AR = 75.00000000

EXIT MACH NUMBER = 5.48001122

PRESSURE RATIO = 6.08945207E-04

CT = 1.83934772

TEMPCT 1.82325983

MAXIMUM THRUST = 14868.80270000 LBS.

THRUST = 29737.60550000 LBS.

GROSS WEIGHT = 92115.18750000 LBS.

FUEL WEIGHT = 84272.88280000 LBS.

TANK WEIGHT = 1242.30353000 LBS.

TOTAL ENGINE(S) WEIGHT = 600.00000000 LBS.
COMBUSTION CHAMBER PRESSURE = 150.00000000 PSI.
MASS FLOW RATE = 108.13674200 LBM/SEC.
DELTA T = 779.31774900 SECONDS.
ENTER THE FUEL MIXTURE RATIO 2.0

ENTER THE.NUMBER OF PAIRS OF PROPELLANT TANKS. 1.0
ENTER THE MAXIMUM LENGTH OF THE TANKS. 15.0



THE TOTAL PAIRS OF TANKS IS 1.00000000
R 3K K K KKK K K K KK K 3K KK KKK K KK K KK KK oK KK K K

THE FUEL TANK DIMENSIONS ARE AS FOLLOWS:

TOTAL FUEL TANK VOLUME = 6365.58637500 FT**3.
TANK LENGTH = 15.00000000 FT.
TANK RADIUS = 3.67257047 FT.

3 2 2k 2K 3 2 2K KK YK K K KKK K KK K 3K 3 K X KK K KK KKK K K K

THE OXID TANK DIMENSIONS ARE AS FOLLOWS:

TOTAL OXID TANK VOLUME = 298.82877300 FT*x3,
TANK LENGTH = 15.00000000 FT.
TANK RADIUS = 2.51820660 FT.

K K K 5K K 5K 3K 3K K 3K N K KKK K oK KK KK K KK AR KKK KK

THE TOTAL FUEL BURNED = 84272.88280000 LBS.
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HYDRAZINE-UDMH/NITROGEN TETROXIDE Is» = 310. sec

ENTER THE WEIGHT OF THE SPACE VEHICLE. (LBS) 6000.0

ENTER THE WEIGHT OF A PROFULSION SYSTEM. (LBS) 300.0

ENTER THE NUMBER bF ENGINES TO BE USED. 2.0

ENTER THE DELTA V OF THE MISSION. (FT/SEC) 21797.0

ENTER THE ISF VALUE OF THE PROFELLENT. Z10.0

THE INVERSE WEIGHT RATIO REQUIRED FOR THE GIVEN DELTA V IS
THE WEIGHT OF THE FUEL FOR THE MISSION IS S57611.43360000 LES.
THE TOTAL WEIGHT OF THE VEHICLE IS 64909. 62500000 LBS.
ENTER THE g LIMIT OF THE STRUCTURE. 3.0

ENTER THE THRUST RANGE FOR INITIAL CALCULATIONS 135000.0
ENTER THE CHAMEER FRESSURE OF THE ENGINE. (PSI) 150.0

ENTER THE THROAT AREA OF THE NOZZLE. (IN%Xx2) $54.3671

ENTER THE INITIAL AREA RATIO. 75.0

ENTER THE VALUE OF GAMMA FOR THE PROPELLANT. 1.3

AR = 75. 00000000

EXIT MACH NUMBER = 5.49001122
FRESSURE RATIO = 6.08945207E-04
CT = 1.83934772

TEMPCT 1.82328983

MAXIMUM THRUST = 14868.80270000 LBS.
THRUST = 29737, 60350000 LBS.

GROSS WEIGHT = 64909.62500000 LES.

FUEL WEIGHT = S57611.43360000 LES.

TANK WEIGHT = 698. 19250500 LBS.

TOTAL ENGINE(S) WEIGHT = 600, 00000000 LBS.
COMBUSTION CHAMBER PRESSURE = 150. 00000000 PSI.
‘MASS FLOW RATE = 95.92775730 LBM/SEC.

DELTA T = 600,.57104%500 SECONDS.

ENTER THE FUEL MIXTURE RATIOD 2.0
ENTER THE NUMBER OF PAIRS OF PROPELLANT TANKS. 1.0

ENTER THE MAXIMUM LENGTH OF THE TANKS. 15.0
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THE TOTAL PAIRS OF TANES IS 1.00000000 .
(2222220022220 00202 00322222228

THE FUEL TANE DIMENSIONS ARE AS FOLLOWS:

TOTAL FUEL TANK VOLUME = 434.51257300 FTk%Z,
TANE LENGTH = 15. 00000000 FT.
TANK RADIUS = S.0I655124 FT.

2222222323322 3 382288820

THE OXID TANK DIMENSIONS ARE AS FOLLOWS:

TOTAL OXID TANK VOLUME = 204,28723100 FTxx3.
TANE. LENGTH = 15. 00000000 FT.
TANE, RADIUS = 2,08209252 FT.

KEAKKRKKKKRKKERKEKRKKKRRKKKKKKRK KKK

THE TOTAL FUEL BURNED = S7611.43360000 LBS.

C: \SCRATCH
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LOX/He Isp = 350. sec

ENTER THE WEIGHT OF THE SPACE VEHICLE. (LBS) 6000.0

ENTER THE WEIGHT OF A PROPULSION SYSTEM. (LBS) 300.0

ENTER THE NUMBER OF ENGINES TO BE USED. 2.0

ENTER THE DELTA V OF THE MISSION. (FT/SEC) 21797.0

ENTER THE ISP VALUE OF THE PROPELLENT. 350.0

THE INVERSE WEIGHT RATIO REQUIRED FOR THE GIVEN DELTA V IS 6.92828846 .
THE WEIGHT OF THE FUEL FOR THE MISSION IS 41291. 28910000 LBS.
THE TOTAL WEIGHT OF THE VEHICLE IS 48256. 41800000 LBS.

ENTER THE g LIMIT OF THE STRUCTURE. 3.0 .

ENTER THE THRUST RANGE FOR INITIAL CALCULATIONS 15000.0

ENTER THE CHAMBER PRESSURE OF THE ENGINE. (PSI) 150.0

ENTER THE THROAT AREA OF THE NOZZLE. (INe+2) 54,3671

ENTER THE INITIAL AREA RATIO. 75.0

ENTER THE VALUE OF GAMMA FOR THE PROPELLANT. 1.3

AR = 735. 00000000

EXIT MACH NUMBER = 5. 49001122
PRESSURE RATIO = 6.08945207E-04
CT = 1.83934772

TEMPCT 1.82325983

MAXIMUM THRUST = 14868. 80270000 LBS.

THRUST = 29737.60350000 LBS.

GROSS WEIGHT = 48256. 41800000 LBS.

FUEL WEIGHT = 41291. 28910000 LBS.

" TANK WEIGHT = 365. 12832600 LBS.

TOTAL ENGINE(S) WEIGHT = 600. 00000000 LBS.
COMBUSTION CHAMBER PRESSURE = 150. 00000000 PSI.
MASS FLOW RATE = 84.96458440 LBM/SEC.

DELTA T = 485. 98236100 SECONDS.
ENTER THE FUEL MIXTURE RATIO 6.0

ENTER THE NUMBER OF PAIRS OF PROPELLANT TANKS. 1.0

ENTER THE MAXIMUM LENGTH OF THE TANKS. 15.0
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THE TOTAL PAIRS OF TANKS IS 1.00000000 .

LA X R Z R A Z AR SRR R R R R R YRR R X X

THE FUEL TANK DIMENSIONS ARE AS FOLLOWS:

TOTAL FUEL TANK VOLUME = 5684. 54883000 FTe+3,
TANK LENGTH = 15. 00000000 FT.

TANK RADIUS = 10.98316290 FT.

A XA XA RS ZRI ISR RN YRR YR S X X 2

THE OXID TANK DIMENSIONS ARE AS FOLLOWS:

TOTAL OXID TANK VOLUME = 69.88648990 FTe«3,
TANK LENGTH = 135. 00000000 FT.
TANK RADIUS = 1.21780026 FT.

AL A AL X I SIS SRS RS SRR X X 2 2

THE TOTAL FUEL BURNED = 41291.28910000 LBS.
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FuelL Weight detecmination
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o~ o movatmpey

LOX/He Is» = 455. sec

ENTER THE WEIGHT OF THE SPACE VEHICLE. (LBS) 6000.0
ENTER THE WEIGHT OF A PROPULSION SYSTEN. (LBS) 300.0
ENTER THE NUMBER OF ENGINES TO BE USED. 2.0
ENTER THE DELTA V OF THE MISSION. (FT/SEC) 21797.0
ENTER THE ISP VALUE OF THE PROPELLENT. 455.0

THE INVERSE WEIGHT RATIO REQUIRED FOR THE GIVEN DELTA V IS 4. 43236303 .
THE WEIGHT OF THE FUEL FOR THE MISSION IS 22397. 37300000 LBS.
THE TOTAL WEIGHT OF THE VEHICLE IS 29180. 99410000 LBS.

ENTER THE g LINIT OF THE STRUCTURE. 3.0

ENTER THE THRUST RANGE FOR INITIAL CALCULATIONS 135000.0
ENTER THE CHAMBER PRESSURE OF THE ENGINE. (PSI) 130.0
ENTER THE THROAT AREA OF THE NOZZLE. (INe#+2) S54.3671
ENTER THE INITIAL AREA RATIO. 7S.0

ENTER THE VALUE OF GANMA FOR THE PROPELLANT. 1.3

AR = . 73. 00000000

EXIT MACH NUMBER = S. 49001122
PRESSURE RATIO = 6. 08945207E-04
CT = 1.83934772

TEMPCT 1.82325983
MAXIMUM THRUST = 14868. 80270000 LBS.
THRUST = 29737. 60350000 LBS.
GROSS WEIGHT = 29180. 99410000 LBS.
FUEL WEIGHT = 22397. 37300000 LBS.
TANK WEIGHT = -16. 38016700 LBS.
TOTAL ENGINE(S) WEIGHT = 600. 00000000 LBS.
COMBUSTION CHAMBER PRESSURE = 130. 00000000 PSI.
. HASS FLOW RATE = 63. 35736830 LBM/SEC.
DELTA T = 3453. 75097700 SECONDS.
ENTER THE FUEL MIXTURE RATIO 6.0

ENTER THE NUMBER OF PAIRS OF PROPELLANT TANKS. 1.0
ENTER THE MAXINUM LENGTH OF THE TANKS. 15.0
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THE TOTAL PAIRS OF TANKS IS 1. 00000000 .

POONORONNNRODONGNOONONNOOOTROORRPOOS

THE FUEL TANK DIMENSIONS ARE AS FOLLOWS:

TOTAL FUEL TANK VOLUNE = 3110.98633000 FTee3,
TANK LENGTH = 13. 00000000 FT.

TANK RADIUS = 8. 12509537 FT.

(22 A2 X222 22222222 Y X 2 X )

THE OXID TANK DIMENSIONS ARE AS FOLLOWS:

TOTAL OXID TANK VOLUME = 38. 24916460 FTee3,
TANK LENGTH = 13. 00000000 FT.
TANK RADIUS = 0. 90092868 FT.

(A4 44 A2 22X XXX X X 2 20

THE TOTAL FUEL BURNED = 22397. 37300000 LBS.
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BURN TINME DEPARTURE FROM EARTH

ENTER THE WEIGHT OF THE SPACE VEHICLE. (LBS) 6000.0
ENTER THE WEIGHT OF A PROPULSION SYSTEM. (LBS) 300.0

ENTER THE NUMBER OF ENGINES TO BE USED. 2.0

ENTER THE DELTA V OF THE MISSION. (FT/SEC) 8432.7S

ENTER THE ISP VALUE OF THE PROPELLENT. 310.0

THE INVERSE WEIGHT RATIO REQUIRED FOR THE GIVEN DELTA V IS
THE WEIGHT OF THE FUEL FOR THE MISSION IS 8364. 01660000 LBS.
THE TOTAL WEIGHT OF THE VEHICLE IS  14657.15520000 LBS.

ENTER THE g LIMIT OF THE STRUCTURE. 3.0

ENTER THE THRUST RANGE FOR INITIAL CALCULATIONS 15000.0°

ENTER THE CHAMBER PRESSURE OF THE ENGINE. (PSI) 150.0

ENTER THE THROAT AREA OF THE NOZZLE. (IN»»2) S54.3671

ENTER THE INITIAL AREA RATIO. 75.0

ENTER THE VALUE OF GAMMA FOR THE PROPELLANT. 1.3

(222 E 22222 22X RN R AR RS R E R XX X J
THE NUMBER OF ENGINES AT FULL THRUST IS
TOO LARGE. REDUCING MASS FLOW RATE TO
BRING WITHIN g LIMIT.

(A4 RS2SRRSR AR AN RS E RSS2 2 )

AR = 75. 00000000

EXIT MACH NUMBER = S. 49001122
PRESSURE RATIO = 6. 08945207E-04
CT = 1.83934772

TEMPCT ©1.82325983

MAXIMUM THRUST = 14868. 80270000 LBS.

THRUST = 57492. 70310000 LBS.

GROSS WEIGHT = 14657. 15920000 LBS.

FUEL WEIGHT = 8364. 01660000 LBS.

TANK WEIGHT = -306. 85681200 LBS.

TOTAL ENGINE(S) WEIGHT = 600. 00000000 LBS.
COMBUSTION CHAMBER PRESSURE = 145. 00000000 PSI.
MASS FLOW RATE = 92. 73016360 LBM/SEC.

DELTA T = 90. 19736480 SECONDS.
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BURN TIME MID-COURSE CORRECTION

ENTER THE WEIGHT OF THE SPACE VEHICLE. (LBS) 6000.0

ENTER THE WEIGHT OF A PROPULSION SYSTEM. (LBS) 300.0

ENTER THE NUMBER OF ENGINES TO BE USED. 2.0

ENTER THE DELTA V OF THE MISSION. (FT/SEC) 526.738

ENTER THE ISP VALUE OF THE PROPELLENT. 310.0

THE INVERSE WEIGHT RATIO REQUIRED FOR THE GIVEN DELTA V IS
THE WEIGHT OF THE FUEL FOR THE MISSION IS 332. 38928200 LBS.
THE TOTAL WEIGHT OF THE VEHICLE IS 6461.62158000 LBS.
ENTER THE g LIMIT OF THE STRUCTURE. 3.0

ENTER THE THRUST RANGE FOR INITIAL CALCULATIONS 15000.0
ENTER THE CHAMBER PRESSURE OF THE ENGINE. (PSI) 050.0

ENTER THE THROAT AREA OF THE NOZZLE. (INee«2) 54.8671

ENTER THE INITIAL AREA RATIO. 75.0

ENTER THE VALUE OF GAMMA FOR THE PROPELLANT. 1.3

PR NG N NI NNRE IR RNNNRARRRINIERIEROGRRS
THE NUMBER OF ENGINES AT FULL THRUST 1S
TOQ LARGE. REDUCING MASS FLOW RATE TO
BRING WITHIN g LIMIT.

A XA R AR EE RS R R R AR RA R R SR X2 X

AR = 75. 00000000

EXIT MACH NUMBER = 5. 49001122
PRESSURE RATIO = 6. 08945207E-04
CT = 1.83934772

TEMPCT 1.82325983

MAXIMUM THRUST = 14868. 80270000 LBS.
THRUST = 37667.63280000 LBS.
GROSS WEIGHT = 6461.62138000 LBS.

FUEL WEIGHT = 332. 38928200 LBS.

TANK WEIGHT = -470. 76757800 LBS.

TOTAL ENGINE(S) WEIGHT = 600. 00000000 LBS.
COMBUSTION CHAMBER PRESSURE = 95. 00000000 PSI.
MASS FLOW RATE = 60. 75424580 LBM/SEC.

DELTA T = S5.47104597 SECONDS.
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BURN TIME ORBITAL INSERTION-VENUS

C:\AYER>6000.0

ENTER THE WEIGHT OF A PROPULSIQN SYSTEHNM. (LBS) 300.0

ENTER THE NUMBER OF ENGINES TO BE USED. 2.0

ENTER THE DELTA V OF THE MISSION. (FT/SEC) 6334.31

ENTER THE ISP VALUE OF THE PROPELLENT. 310.0

THE INVERSE WEIGHT RATIO REQUIRED FOR THE GIVEN DELTA V IS
THE WEIGHT OF THE FUEL FOR THE MISSION IS S5531.81104000 LBS.
THE TOTAL WEIGHT OF THE VEHICLE,IS 11767. 15430000 LBS.
ENTER THE g LIMIT OF THE STRUCTURE. 3.0

ENTER THE THRUST RANGE FOR INITIAL CALCULATIONS 15000.0
ENTER THE CHAMBER PRESSURE OF THE ENGINE. (PSI) 150.0

ENTER THE THROAT AREA OF THE NOZZLE. (INee«2) 54,3671

ENTER THE INITIAL AREA RATIO. 75.0

ENTER THE VALUE OF GAMMA FOR THE PROPELLANT. 1.3

Yy N I I I I I Iy
THE NUMBER OF ENGINES AT FULL THRUST IS
TOO LARGE. REDUCING MASS FLOW RATE TO
BRING WITHIN g LIMIT.

A2 X2 ARSI R RSS2 RS X X X 2 J

AR = 75. 00000000

EXIT MACH NUMBER = 5. 49001122
PRESSURE RATIO = 6. 08945207E-04
CT = 1.83934772

TEMPCT 1.82325983

MAXIMUM THRUST = 14868. 80270000 LBS.

THRUST = 51545, 18360000 LBS.

GROSS WEIGHT = 11767.15430000 LBS.

FUEL WEIGHT = 5331.81104000 LBS.

TANK WEIGHT = -364. 65692100 LBS.

TOTAL ENGINE(S) WEIGHT = 600. 00000000 LBS.
COMBUSTION CHAMBER PRESSURE = 130. 00000000 PSI.
MASS FLOW RATE = 83. 13739010 LBM/SEC.

DELTA T = 66. 53818510 SECONDS.
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BURN TIME ELLIPTICAL TRANSFER-LOWER CYTHEREAN ORBIT

ENTER THE WEIGHT OF THE SPACE VEHICLE. (LBS) 6000.0
ENTER THE WEIGHT OF A PROPULSION SYSTEM. (LBS) 300.0
ENTER THE NUMBER OF ENGINES TO BE USED. 2.0
ENTER THE DELTA V OF THE MISSION. (FT/SEC) 3S533.79
ENTER THE ISP VALUE OF THE PROPELLENT. 310.0

THE INVERSE WEIGHT RATIO REQUIRED FOR THE GIVEN DELTA V IS

" THE WEIGHT OF THE FUEL FOR THE MISSION IS 2625. 92822000 LBS.

THE TOTAL WEIGHT OF THE VEHICLE IS 8801.96777000 LBS.
ENTER THE g LIMIT OF THE STRUCTURE. 3.0

ENTER THE THRUST RANGE FOR INITIAL CALCULATIONS 15000.0
ENTER THE CHAMBER PRESSURE OF THE ENGINE. (PSI) 150.0
ENTER THE THROAT AREA OF THE NOZZLE. (INe+2) 54.3671
ENTE? THE INITIAL AREA RATIO. 75.0

ENTER THE VALUE OF GAMMA FOR THE PROPELLANT. 1.3

(A2 XXX AR RIS SR A S XX 0 & X 8 J

THE NUMBER OF ENGINES AT FULL THRUST IS
TOO LARGE. REDUCING MASS FLOW RATE TO
BRING WITHIN g LIMIT.

A A A XS A EZE ISR SRS SRS RS2 2 2 X J

AR = 75. 00000000

EXIT MACH NUMBER = S. 49001122

PRESSURE RATIO = 6. 08945207E-04

CT = 1.83934772

TEMPCT 1.82325983 '
MAXIMUM THRUST = 14868. 80270000 LBS. :
THRUST = 43615. 15620000 LBS.

GROSS WEIGHT = 8801.96777000 LBS.

FUEL WEIGHT = 2625. 92822000 LBS.

TANK WEIGHT = -423. 96066300 LBS.

TOTAL ENGINE(S) WEIGHT = 600. 00000000 LBS.
COMBUSTION CHAMBER PRESSURE = 110. 00000000 PSI.
MASS FLOW RATE = 70. 34702300 LBM/SEC.

DELTA T = 37. 32820510 SECONDS.
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BURN TINE CIRCULARIZATION-LOWER CYTHEREAN ORBIT

ENTER THE WEIGHT OF THE SPACE VEHICLE. (LBS) 6000.0

ENTER THE WEIGHT OF A PROPULSION SYSTEM. (LBS) 300.0

ENTER THE NUMBER OF ENGINES TO BE USED. 2.0

ENTER THE DELTA V OF THE MISSION. (FT/SEC) 2970.14

ENTER THE ISP VALUE OF THE PROPELLENT. 310.0

THE INVERSE WEIGHT RATIO REQUIRED FOR THE GIVEN DELTA V IS
THE WEIGHT OF THE FUEL FOR THE MISSION IS 2138. 86084000 LBS.
THE TOTAL WEIGHT OF THE VEHICLE IS 8304. 95996000 LBS.
ENTER THE g LIMIT OF THE STRUCTURE. 3.0

ENTER THE THRUST RANGE FOR INITIAL CALCULATIONS 15000.0
ENTER THE CHAMBER PRESSURE OF THE ENGINE. (PSI) 150.0

ENTER THE THROAT AREA OF THE NOZZLE. (INee2) 54,3671

ENTER THE INITIAL AREA RATIO. 75.0

ENTER THE VALUE OF GAMMA FOR THE PROPELLANT. 1.3

Ly Ry Y Y Yy Yy Y Yy Y Y YLy
THE NUMBER OF ENGINES AT FULL THRUST IS
TOO LARGE. REDUCING MASS FLOW RATE TO
BRING WITHIN g LIMIT.

22 A 22X AR 222X RES RS RS S X X J

AR = 75. 00000000

EXIT MACH NUMBER = 5. 49001122
PRESSURE RATIO = 6. 08945207E-04
CT = 1.83934772

TEMPCT 1.82325983

MAXIMUM THRUST = 14868. 80270000 LBS.

THRUST = 41632. 64840000 LBS.

GROSS WEIGHT = 8304. 95996000 LBS.

FUEL WEIGHT = 2138. 86084000 LBS.

TANK WEIGHT = -433. 90081800 LBS.

TOTAL ENGINE(S) WEIGHT = 600. 00000000 LBS.
COMBUSTION CHAMBER PRESSURE = 103. 00000000 PSI.
MASS FLOW RATE = 67. 14942930 LBM/SEC.

DELTA T = 31.835225680 SECONDS.

39

1.34687424 .



coacagcaacacCc oG o C G o OGO oOQAGaGOaaGaaG

e \FURT>C THin PRUGKAM WAL WRLITTEN FUR SENLUK DESIUN 448 AND WAL USLEDL TO
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THRUSTKEWUIRED THRUST REQUIRKLD TU ACIHLIEVE DELTA V.
UbW EQUIVALENT EXHAUST VELOULTY

WBUS WELIGHT UF SPACE VEHICLE WITHOUT PRUI'ULLION SYSTEN.
WENGINE WEIGHT UF ROCKET ENGINE

WiFUEL WELIGHT Uk FUEL

WTANKRS  WELGHT OF tANKRS

WTUTAL TUTAL WELIGHT UF VUEHICLE AT BEGINNING OF MISSION PROFI1LL

[ EEEEEE R AR RN E R ERER R SRR E NS R EE R ARERE R RSN R R AR R R AR AR A AN RN RS XN XANS

REAL Mk, MASSILUW, MASSFLOWNEEDED

OFEN(UN1T=66, FILE="A:TANKS. DAT’, STATUS="0ULD")

REWIND b&&

LGC=32. 17438

Pl = 3.14159265

WRITLt6, «) ‘ENTER THE WEIGHT UF THE SPACE VEHICLE. (LBS)
READ (G, » ) WBUS

WRITE(L, «) *ENTEKR THE WELGHT O THE FUEL. (Lbb)
READ (D, = )WFUEL

WRLIE(H, «) *ENTER THE WEIGHT UF A PROUPULSION SYSTEM. (LBS) °
REEAD (D, « )WENGINE

WRR1ITE (b, «) *ENTER THE NUMBER UF ENGINES TU BE Uskb.
REAUL (S, « )ENG1INENBR

WENGINE = WENGINE<ENGINENLR

(oM e}

C..QOQQ..OI.II [ EFERTREER SR ERNEEEE Y SR RN R RS EERE R RN RSN R EEEE RN E XA RR R XNNN]

THE PRUPULSLION SYSTEM LNCLUDING THE FUEL TANKS 15 ASSUMED TO HE
APPRUXIMATELY 2% OF THE TOUTAL WEIGHT OF THE VEHICLE AT M15SI10N
INTITIATION, THEREFURE THE TANK WEIGHT IS CALCULATED AS FOLLOWS:

aaoaaaa

I R I I I Y Y Y NNy Y R R Y RN RN YRR
WRITE(6, #)'ENTER THE DELTA V OF THE MISSION. (FT/SEC) ’
READ(D, «)DELTAV
WR1TE (&, «) ’ENTER THE 1SP VALUE UF THE PROPELLENT. *
READ (35, «)FIsp :
UEQ = Flul’»GU
WO = .4999
wB = .5001
DELTAUPPEKR = DELTAV -« 100,0

acaa
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DELTALOWER = VDELITAY - fuu.vu
DO S I = },1000000
WO = WO ¢ ,0001
WB = WB - .0001
TESTDELTAV = UEQ*EXP(WO/WB)
WR = WO/WB
WRITE(&, *)*'WR ’, WR
IF (TESTDELTAV .GT. DELTAV) GOTO 6
CONTINUE
WR = EXP(DELTAV/UEQ)
WR = WO/WB
WTANKS = (-, 98¢WENGINE+.022WBUS~, 02+ (WR-1.0)»(WBUS+WENGINE))
& /(-.02* (WR-1.0)+.98)
WFUEL = (WR-1.0)#(WBUS + WTAMKS +« WENGINE)
WTANKS = (,80+«(WBUS+-WFUEL+WENGINE)-WENGINE)/. 20
WTOTAL = WBUS+WFUEL<+WTANKS+-WENGINE
WRITE(6, »)*THE INVERSE WEIGHT RATIO REQUIRED FOR THE GIVEN DELTA
&v IS ',wWR, * .’
WRITE(6, »)’'THE WEIGHT OF THE FUEL FOR THE MISSION 1S ’, WFUEL,
& ’ LBS.’
WRITE(6, «)'THE TOTAL WEIGHT OF THE VEHICLE IS ‘,WTOTAL, ' LBsS.’
WRITE(E, )" '
WRITE(6, »)ENTER THE ¢ LIMIT OF THE STRUCTURE.
READ(S, «)GLIMIT
DELTAT = DELTAV/GLINMIT
WRITE(6, ) 'ENTER THE THRUST RANGE FOR INITIAL CALCULATIONS °
READ(S, o) THRUST
WRITE(6, ») 'ENTER THE CHAMBER PRESSURE OF THE ENGINE. (PSI) *
READ(S, »)PT2
WRITE(S, ») "ENTER THE THROAT AREA OF THE NOZZLE. (IN##2) °
READ(S, o) THROAT
CT = THRUST/(PT2«THROAT)
WRITE(S, ») 'ENTER THE TOLERANCE OF CT (+ OR -) .'
READ(S, » )CONVERGENCE
IF(CT .GT. .6 .AND. CT .LT. 2.5) GO TO 100
WRITE (6,+)°'CT = *,CT
WRITE (6, »)’THE RESULTING CT IS NOT WITHIN THE ANALYTICAL’
WRITE (6, )’VALUE OF CT. DECREASE THE VALUE OF PT2 OR THE
WRITE (6, »)’THROAT AREA TO BRING THE VALUE WITHIN TOLERANCE. '
GOTO 110
pUMMY = 1
WRITE(S, ») ’ENTER THE INITIAL AREA RATIO.

READ(S, #)AR .
WRITE(6, ») "ENTER THE VALUE OF GAMMA FOR THE PROPELLANT. *

READ(S, »)GAMMA

PRERAPPOPSINCRPRRRRRNRNROIRNRRORORRNE IR IR RNRRORORORRNTRRRIONROOER

THE FOLLOWING PORTION OF THE PROGRAM ITERATES TC FIND THE CORRECT
VALUE OF THE AREA RATIO AND HENCE EXIT MACH NUMBER AND PRESSURE
RATIO. THE PROGRAM ASSUMES A YALUE FOR THE AREA RATIO AND THEN
CALCULATES THE EXIT MACH NUMBER AND PRESSURE RATIO. FROM THIS

THE PROGRAM CALCULATES CT AND COMPARES THE CALCULATED VALUE WITH
THAT OBTAINED FROM THE G LIMITATION ABOVE. THE ITERATION CONTINUES
UNTIL THE AREA RATIO USED RESULTS IN A CT WITHIN 5X OF THE ABOVE -
VALUE. ’

I A AZ A XXX RZ RIS NI SR RN RSN R RSN RS R SR SRR R X2 X X J

TWOVERGAMMA = 2.0/(GAMMA + 1.0)
GAMMASGRD = GAMMA e« 2.0

GAMINONE= GAMMA - 1.0

GAMPLONE = GAMMA + 1.0

TWOGSQR= (2. 0eGAMMA®+*2.0)/GAMINONE -

RATIO = GAMPLONE/GAMINONE

RATIOL = GAMINONE/GAMMA ORIGINAL PAGE IS
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10000

10010

NADdrucw
MASSQOXID
VOLFUEL
VOLXID

WRITE(S6,
READ(S, o
WRITE(S,
READ(S, o
WRITE (6,
READ(S, »

YOLXIDN
VYOLFUELN
OXIDRADI
FUELRADI
WRITE(6,
WRITE(S6,
WRITE(S6,
WRITE(S6,
WRITE(S,
WRITE(6,
WRITE(6,
WRITE(6,
WRITE(6,
WRITE(S,
WRITE(S,
WRITE(®6,
WRITE(6,
WRITE(6,
WRITE(S6,
WRITE(6,
WRITE(6,
WRITE(S6,
WRITE(6,
WRITE(6,
WRITE(S,
WRITE(S,

W d S Detmssss e ar

TOTFUELMASSe (1. /(R+1.0))

= MASSFUEL/RHOFUEL ORIGINAL pAGE IS
= MASSOXID/RHOXID OF POOR QUALITY

FUEL AND OXIDIZER TANKS ARE ASSUMMED TO BE CYLINDRICAL.

*) *ENTER THE NUMBER OF PAIRS OF PROPELLANT TANKS. '’
) TANKNUMBER

#) *ENTER THE MAXIMUM LENGTH OF THE TANKS. °*

) TANKLENGTH

*) ‘ENTER THE MAXINMUM DIAMETER OF THE TANKsS. °

) TANKDIAMETER

= VOLXID/TANKNUMBER

= VOLFUEL/TANKNUMBER
US = (VOLXIDN/TANKLENGTH/PI)ee.S5
US = (VOLFUELN/TANKLENGTH/PI)#*.5
.) 4 ’

') 14 4

e) ’

e) ’

*) °*THE TOTAL PAIRS OF TANKS IS ‘, TANKNUMBER, ' .’
*) ‘AnccsneesnteRRNsestERRRIRRRIRERSRIRRES

e) * ¢

*) *THE FUEL TANK DIMENSIONS ARE AS FOLLOWS: *

#) ’'TOTAL FUEL TANK VOLUME = ’, VOLFUELN, '’ FTee3, "’
®) *TANK LENGTH = ‘, TANKLENGTH, ’ FT.'’

») ‘TANK RADIUS = ‘’,FUELRADIUS, ’ FT.’

) ’onsnsesrssssrcansssnsnssssosasnasasnes’

.) *

#) ‘THE OXID TANK DIMENSIONS ARE AS FOLLOWS: °

.’ » ’

<) 'TOTAL OXID TANK VOLUNME = ’, VOLXIDN, ’ FTee3, '
®) *TANK LENGTH = ’, TANKLENGTH, * FT."'

®) ‘TANK RADIUS = ‘/,0OXIDRADIUS, ' FT.'

®) ‘NN NBNRRIRRIRRRRPIRIRIRRIRRRNRNRCITIRIRROIRRES’

.’ » 14

') » »

=) ‘THE TOTAL FUEL BURNED = ‘, TOTFUELMASS, ' LBS.'’

EXCESSFUEL = WFUEL - TOTFUELMASS

WRITE(S,

+)’RESULTING IN ’, EXCESSFUEL, ‘ LBS OF EXCESS FUEL.

GOTO 10010

WRITE (6, »)
WRITE (6, »)
WRITE (6, ¢)
WRITE (6, *)
WRITE (6, ¢)
WRITE (6, *)
WRITE (6, *)
WRITE (6, ®)
WRITE (6, *)
WRITE (6, *)
WRITE (6, )
WRITE (6, ¢)
WRITE (6, *)
CLOSE(UNIT = &

END

L L B N L T L R N Y S

’
L)
THE FUNCTION DID NOT CONVERGE. CHECK YOUR DATA.'’
[ )
4
6

)
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800
1000
1003

1010

OF THE AVALLABLE ENGLNES. I'He ASSUMPTION IS USED IN THE FINAL
CONFIGURATION CHOSEN AND NOT DURING THE OPTIMIZATION AS FOLLOWS

K =20

PTEST = PT2

LENGINENBR = INT(ENGINENBR)

DO 1005 I = 31, LENGINENBR

ENGINES = REAL(LENGINENBR)

Do 1000 J = 1,10000

MASSFLOW = PTEST+*THROAT*GC/CSTAR+ENGINES
WRITE(6, ») °‘MASSFLOW °, MASSFLOW
IF(MASSFLOW ,LT. MASSFLOWNEEDED) GOTO 1010
PTEST = PTEST - 5.0

K=K+l

IF (K .GT. 1) GOTO 1000

WRITE(6,#)" '

WRITE(6, #)* °’

WRITE(6, #»)" *

NRITE(S'o)‘oooooﬁooooﬂooooooooooooooooooooooooooooooo'
WRITE(6, ») 'THE NUMBER OF ENGINES AT FULL THRUST IS’
WRITE(6, »)’TOO0 LARGE. REDUCING MASS FLOW RATE TO’
WRITE(6, »)’BRING WITHIN g LIMIT.'
NRITE(S,')'000000.&0.000000.000-00000000oooooo.o..o.o'
WRITE(5, =) '’

WRITE(S, »)*

WRITE(6,»)"’ ’

DG 800 L = 1,100000

R =R e 1.0

CONTINUE

CONTINUE

CONTINUE

WRITE(6, o) ’'ENGINES ’, ENGINES

DELTAT = WFUEL/MASSFLOW

THRUST = MASSFLOW/GC+CSTARTENPCT

THRUSTMAXIMUM = PT2«THROATeTEMPCT

WRITE (6,e) * *’

WRITE (6, »)
WRITE (6, #)
WRITE (6, *)
WRITE (6, *)
WRITE (6, )
WRITE (6, )
WRITE (6, ¢)
WRITE (6, )
WRITE (6, #)
WRITE (6, )
WRITE (6, «)
WRITE (6, =)
WRITE (6, *)
WRITE (6, =)
WRITE (6, #)
WRITE (6, )
WRITE (6, #)

*« v s~

AR = ’,AR

EXIT MACH NUMBER = ’,ME

PRESSURE RATIO = °,PR

cT = ', CT

TEMPCT ’, TEMPCT

MAXINUNM THRUST = ', THRUSTHMAXINUN, * LBS.’
THRUST = ‘°, THRUST, ’ LBS. '

GROSS WEIGHT = ’, WTOTAL,’ LBS.'’

FUEL WEIGHT = ’,WFUEL, ' LBS."’

TANK WEIGHT = ‘°,WTANKS, ’ LBS.’

TOTAL ENGINE(S) WEIGHT = ’, WENGINE, ’ LBS.’
COMBUSTION CHAMBER PRESSURE = ’,PTEST, ' PSI.’
WRITE (6, ¢) MASS FLOW RATE = ', MASSFLOW, ° LBM/SEC. '
WRITE (6, ) DELTA T = ', DELTAT, * SECONDS. "’

TOTFUELMASS = MASSFLOW*DELTAT

WRITE(&, ») ‘ENTER THE FUEL MIXTURE RATIO '

READ(S, ») R

L I T R T T T S e S ey

THE MIXTURE RATIO OF UDMH TO HYDRAZINE IS 1 AND THE MIXTURE
RATIO OF THIS PROPELLANT COMBINATION AND THE OXIDIZER IS VARIABLE

WITH 1.2 BEING THE OPTIMUM MIXTURE RATIO.

RHOFUEL = 88.391

RHOXID = S4.0
RHOMIXTURE = (RHOXID+RHOFUELe(1.0+R)/(R*RHOFUEL<+RHOXID))

UM LHUMPARARTAAT AT - TATEIICT MACS/DUNNAMTVYTIDE
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